Introduction
Proteins structure determines their functioning. Variation of environment conditions, intermolecular interactions or even a slight chemical modification can lead to the changes in the secondary and higher level structures of proteins [1] . For example, the irreversible transition of α-helix regions in the normal prion protein into β-sheets occurs as a result of its contact with the infectious isoform of prion protein and leads to the formation of amyloid plaques [2] .
Bovine serum albumin (BSA) and ovalbumin (OVA) are widely studied as model globular proteins [3, 4] . Furthermore the interest to serum albumin structure is caused by its property to bind ions and large molecules and consequently to realize transport and regulate the blood composition [5] . To investigate the protein secondary structure Fourier transform infrared (FTIR) spectroscopy is actively used [3, 5, 6] . Among the advantages of this method are very small amount of a sample (~1mg), short time of spectrum record, possibility to measure the IR spectrum of crystalline, amorphous or liquid substance and so the opportunity of minimal sample preparation procedure [3] . Moreover a single IR spectrum of composite object contains information about all of the infrared active molecules present in the object. Indeed, some IR spectral features caused by the structural transitions in proteins can be observed in whole biological samples, such as nails, hair, blood and tissues [7] [8] [9] [10] [11] , and there are hopeful attempts to use them as biomarkers of a broad range of diseases [8] [9] [10] [11] . One of the obstacles in this way is the difficulty in interpretation of spectrum of complex multicomponent sample and the determination of correspondence between changes in vibrational bands and alterations in biochemical properties of constituents.
In the present study the IR spectra of the egg white from the untreated and hard-boiled hen's egg, as well as chicken OVA in lyophilic form and in aqueous solution were obtained and analyzed to get information about the influence of the sample content on the protein secondary structure. The impact of lyophilization on the protein conformation was checked also on BSA.
Experimental section

Materials
OVA (chicken egg albumin) and BSA were purchased from Sigma. Proteins solutions (30 mg/ml) were prepared with bidistilled water. The egg whites were taken from the untreated and boiled for 10 min. food hen's egg.
FTIR spectra measurement
Spectra were obtained using a FTIR spectrometer Nicolet 8700 by ATR method [3] . The spectral data within the range of 4000 to 500 cm -1 were recorded, and 512 scans were averaged for each spectrum with a spectral resolution of 2 cm -1 . The spectrum of the background was recorded first and it was subtracted from the spectra of samples automatically. The spectrum of water was registered for further subtraction from the spectra of liquid samples (proteins solutions and intact egg white). The liquid samples were covered with a cap to prevent evaporation. The software supplied with the spectrometer and OriginPro were used for data processing.
Results and discussions
The resulting absorption spectra (see for example Figure 1 ) were smoothed by FFT filtering and then the area between 1700 and 1600 cm -1 (Amid I) was isolated for further analysis. This band is for the most part due to the C=O stretch vibrations of the peptide linkages and highly sensitive to the protein secondary structural components. Quantitative estimation of protein secondary structure is based on the assumption that protein can be considered as a linear sum of the definite fundamental secondary structural elements: α-helix, β-sheet, β-turn and random (or unordered) [3, 6] . After the baseline correction the decomposition of Amid I band to components of Gaussian contours was done ( Figure  2 ). The points of minimum of the second derivative, additionally smoothed by FFT filtering, determined centres of Gaussians. The area of each Gaussian contour representing a contribution of definite type of the secondary structure [6] (Figures 3, 4) . Let's consider the results of decomposition of Amid I in spectra of egg white and OVA ( Figure 3 ). The presence of indefinite vibrations can be explained by the contribution of amino acids side chains motions [16] . In the Table 1 the data obtained in the present work compared with results of other researches. It should be noted that in the egg white the amount of OVA is approximately 60% [17] and so we see a significant difference between the percentage of secondary structures of egg white and OVA. Nevertheless the tendency of α-to-β structural transformation, observed at the heat denaturation in OVA solutions [12, 13] , revealed also in the whole egg white.
Influence of aqueous surrounding on the proteins structure disclosed in different ways. Water stabilizes globular form of proteins by the hydrophobic and hydrophilic interactions [1] . Protein can exist in a molecular solution if it has a sufficient number of dissociated groups on its surface [18] . Water evaporation from the solution (lyophilization) leads to protein aggregation with the increase in amount of β-sheets (due to the intermolecular hydrogen bonds) and α-helix decrease, just so it follows from the experiment data for both OVA (Table 1 ) and BSA ( Table 2) . At the same time water molecules compete for the hydrogen bonds with amino and carboxyl groups of peptide bonds and thus destabilize the helical structure of protein. Crystallization of proteins allows to remove solvent and to preserve the initial protein structure [1] . That is why the most helical form of BSA is observed in crystal [15] .
Conclusions
Lyophilization of water-soluble globular proteins BSA and OVA is accompanied by the decrease of α-helix structures and the increase in amount of intermolecular β-sheets. It is an indicator of protein aggregation.
Analysis of FTIR spectrum of egg white allowes to make an estimation of OVA secondary structure and to observe α-to-β structural transformation after the heat denaturation.
